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abstract 


a^aiUble  liqaW  and  s«ni-dclW  lubricant,  and  thair 
,„.aral  application.,  era  ^tan.  narant.  «Mct  innucnco  lubricant 
aPplicbUity  and  affcctirancs  uron  wMch  sal.ction  ol'  th.  proper 
lubricant  lo  depend..*  ar.  raeiawad.  Thaoa  clcnants  Incl-cdo;  the 

j  ^  ~  i-nv'l'’  and  saci-solid  lubricants » 

advanteg-ss  and  disadroantages  of  s-f* 

t„..  of  availublo  lubrlcantc.  dasipn  paroceter.,  typo  of  unit  to  be 

lubriontcd,  naci^nlcal  ord  amdrc^cntal  conditions,  nathodc  of 

a  .  ,,  ft  o.tnT-i  cant  devlcss:  aTailable  and 

lubricant  applicetion  and  t’^ec^  o*  xu.ricant 

4.  Ti.n+n«M  *rvT-ical  lubricant  probleias  and  their 
their  mode  of  in3tallatj.on»  -71^ 

solutions  are  also  included. 


DJTRODL’CTION 

The  liquids  .nd  !T«3.»  discussed  In  this  paper  are  these  .a.terials 
custemriU  used  to  lubricate  aerospace  vehicle,  and/or  their  supporting 
equipment.  Their  Job  is  primarily  to  act  as  a  medium  for  reducing  fr.ct.on 
and  wear  between  movlr*g  parts,  however,  they  may  also  be  called  up  to  act  a, 
heat  transfer  mediuas,  anti-rust  and  corrosion  agents,  sealants,  scavengers 
ror  contamlnar.ts  and  degradation  products,  and  as  power  tran^lssion  fluids. 
They  are  composed  of  a  mixture  of  components,  the  major  portions  being  a 

,  gv,  T.  -  nr^d  or  a  blend  of  fltd-ds  and  the  minor  portions 
thickener  and  a  fluid  or  a  fliid  or  oi-nu 

consisting  of  various  additivss.  Tne  u,e  of  additives  has  always  been 
necessary,  because  of  U;e  inherent  weatoess  of  base  fluids.  !«ltn  the  dsmands 
p.-  ae^snne.  equipaent  and  the  enviromcents  ir.  which  they  must  operate  today, 
llnuid  and  grease  lubricants  need  additives  now  -  more  than  ever  before. 
Additives  used  include  such  materials  as  oxidation  and/or  corrosion  inhibitors, 
antl-wear  agents,  dispersants,  viscosity  index  improvers,  foam  prevsntlves, 

rust  inhibitors  and  hea-vy  load  carrying  agents. 

election  of  the  proper  lubricant  is  dependent  upon  a  cmnprohenslv. 

•,.owledge  of  the  fcUowing  elements  which  influence  their  applicability  ami 

effectiveness: 

1.  Advantages  and  disadvantages  of  liquid  and  grease  lubricants. 

fsanta  available,  and  their  physical, 

2.  Types  of  liquid  and  grease  lubricants  avaiiaox  , 

chemical  and. performance  characteristics. 

3.  Peslgn  parameters  such  as  the  operating  condltions.and  space  and 

w-l-ht  limitations  affecting  the  unit  or  part  to  be  lubricated. 

“  4.  Type  of  unit  or  pa-rt  to  be  lubricated  -  as  gears,  bearings,  slides, 

screvis  et  cetera. 


5.  rc.ctoT3  influencljig  lubricant  performance  as: 
a,  lie  char  i.caJ  -  ispeed,  load,  et  cet&rA. 

■f.  ;3nvir,n..»t,i  -  t»p..»t»r.,  vacuu,,  radiation,  et  cetera. 

«.  Mothodo  by  »b.oh  groaoe  or  labrioanto  car.  be  applied  and 

the  relAtive  merits  of  eecn  method ^ 

.  j.'  -v.-,,ro  .''•f  lubi  ica- 

7,  T^pea  of  asvices  available  for  appi:/c:.iiS  trie  ot.oxe  ncba,..  . 

-r#- oaTT-1  ri r*  T^'a  'oortrle  iXiStallat ion* 
tion  and  the  ir.nue.rce  of  varying  th^  -oae  o.. 

U  r-  th-  co-^-^-bu^irg  alements  listed  covers  a  ’.dde  field 
!  Since  each  one  O-.  trie  6 

!  of  toflod^e,  tl.:U  papor  *iU  orOy  be  able  to  touch  briefly  upon  loae  of 

these  topics  due  to  stuce  and  tine  limitations,  however,  references  .ter, 
additional  Infcraation  can  be  obtained  are  giver,  at  the  end  of  this  paper. 

A.  ASVAtmOE'  A!®  MSADVAtTAlES  OF  liWIb  iW  -“A®  UJEPMtTd 

ISonie  or  all  of  the  foUcwin.l  tapertant  advantages  offered  hj-  liquid 

lubrication  are;  It  allows  lydrcdynanio  lubrication,  provides  minimum  friction 

,,  /N’T'h-alT  h€E-rin’"^s  ^  ^ 

»  -rh  TD'^cd  opet^tion  of  call 

and  pov;er  loss,  nl^ii 

Possible,  .lives  positional  accuracy  for  lengthy  periods  of  time,  gives  long 
operating  life  and  reliability,  persits  vice  temperature  operation,  high 

feas^bla  for  long  periods,  insures  minium  vibration 
tempera turs  operation  is  feao-cia  lu  o  t- 

lonff  st^'rare  li^e,  resists  shock  and  vibration,  the  liqui 
from  moving  elements,  long  st./ragt.  a.  , 

a  A  »  o,i+^<?fi»s  lubrication  requirements  of 

feed.s  readily  into  loaded  contact  areas,  satisfies  luori 

equiment  containing  more  than  one  element  such  as  .geaxS,  beariHooS, 

3Ud'^*  surfaces,  serves  as  neat  transfer  dediua,  reaov.s  debr^  and  other 

•  .Co-  co-tact  ar-es,  1»l  torque  starting  and  running  requirements 

containing nts  fx-'orn  cc.itacx  car..t-.t>,  _  n 

of  orcoision  instruments  abi  g-aidanc,  control  equipment.can  be  met,  Per^ts 
extremely  close  toterauoes  between  moving  parts  and  can  be  used  for  power 

transTuissicn  mediums. 


Some  cf  the  possible  disadvantages  encountered  mtb  oil  lubrication  are,  . 
neoesei.,7  of  oonpta  housing  designs,  seals,  feeding  devices.  Increased  weight, 
else,  and  power  needs  of  the  lubrication  systems,  leakage  and  evaporation 
problems,  and  increased  maintenance  problems  ever  greases  and  .solid  lubricants. 

Sreas,  lubrication  has  becose  more  and  more  the  favoric.  methoi  o.f 
lubric-ating  in  asrcspac,  squipasnt  occause  of  its  inherent  advantages  and  the 
fact  that  these  advantages  coincide  with  the  need  tor  minlmitins  the  weight 
and  space  cf  equlpcont  need  in  aircraft,  missiles  arkl  .spaeecraft.  Ireases  act 
as  an  effective  barrier  and  sealant  against  .dirt  and  moisture  preventing  the 
leakage  noivally  encountered  wj.th  liquids.  Ifcchins  design  is  simplified  since 
th.3  need  for  complex  lubricant  sjntems  is  eliminated,  thereby  many  weight  and 
srac,  problems  arc  relieved.  A  gr.,ater  range  of  additives  can  be  used  in 

greases  and  in  mucji  larger  amounts  tnar.  ^xquids  .. 

ing  ability,  rust  protection,  et  cetera,  deal,  are  aasler  to  deeign  and  are 
not  a.  likely  tc  cause  increased  friction  and  pow-er  consumption  as  in  ths  case 
cf  liquid  lubrication.  Maintenance  is  either  eliminated  or  greatly  mlnlmited. 
absents  such  as  ball  and  roller  bearings  can  be  pre-packed  providing  life  time 
tibricaticn  on  installation  and  insuring  correct  selection  of  lubricant. 

Tlioy  make  oxccUent  gear  lubricants  b  ecens.  cf  the  ability  to  provide 
thl:cctropi=  materials  preventing  cosqlete  drainage  of  lubricant  from  exposed 
gear  teeth  during  inoperative  periods  minimizing  starting  friction,  and  because 
they  cushion  gear  teeth  against  shock  and  vibration  damage.  High  te:.q.erat,qe 
Ivibric.atlon  for  ball  and  rollor  bearings,  and  gears  can  be  provided  ectax  ao 
that  of  liquid  lubricants  but  with  a  lower  overall  performance  life.  High 
speed  performance  In  bsll  bearings  ear.  be  obtelned  up  to  .6  X  10^  Dh  for  several 
h,«dred  hours.  Provide,  lubrieation  in  media  such  as  fuels,  water,  aid  acids. 

There  aro  disadvantages  to  grease  lubrication,  for  exas^lci  greases  cennot 
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A  fro->  -ontact  areas.  There  usually  is 

-eTOve  d«bri  an'i  degradation  pro4nc.3  ^ 

..  vi«  i  e  that  within  the  aiu^udlBue 
orlv  ?  virited  amount  of  lubricant  available,  i. 

■  ,  .  ,  ,.ar  bcsln.  th,r.  it  1=  contl^Hy  «pos.d  to 

caTl.i«  c.  .r-  .  ^  It  camot  b.  purlfiod  like  mold 

o—ratloriol  and  omiromaental  condition.. 

Hi-'-or  starting  and  running  torques  and 

lubricants  ir.  rlreulatory  s;,'sta»3.  Ha....r  a  vvn^d 

e,>nar-ct  eristics  make  it-  second  ^ 

slight  bvit  fvrr  changing  -'-ouoibt  . 

'  .  ,.  ,o„  u-...-e-ed  instruments  art  guidance  equipment. 

lubricitLon  .ir.  lew  ipo-e- rf-vi-es 

are  a  limited  n-atber  or  metbods  or  a--  aPPlicatnon  and  re., 

,  .  .  cvlf  storage  lire  ot  greases  In  containers  and  in  p.epac. 

to  accompli..'.  1..  -.-i  _  , 

bearings  is  usually  limited  to  leas  tban  rive  years.  They  .  nn 

ccurarable  to  liouid  lubricants.  It  does  not  - 
heat  transfer  camcity  cunparaOie  ^o  .  .  at 

readily  inuo  loaded  contact  areas  as  do  liquid  lubricants.  Cpe^ataona 

hi.h  speeds  and  high  tcmperatvxes  is  shorter  than  -^th  liquid  lubuxean  s 

Hlgb  speed  capacity  is  muck  lover  than  ttat  oP  liquid  lubricants.  Hequire- 

+  +,rvie.  .i««.nts  within  aerospace  equipment  soinetunes 
meats  of  various  dlfrerent  type  .l«.e.its  «i 

^  V  ft,,  anv  lubricant  as  is  usually  possible  with 

cannot  be  satisfied  by  one  or  any  g. -s  ■  i 

liquid  lubrication. 

B.  CURRSNTLY  AYAr^BLE  LIQUID  AlID  GHEASE  LUBRICANTS 

•  +  rnri  fVie  various  olenents  contained  in 

The  various  types  of  equipment  and  the  variou 

•  -.T-nsmee  veh-^cles  and  their  supporting 
them  that  will  require  lubrication  ir.  .erospace 

equipment  are  given  in  Table  1. 

The  lubricating  liquids  and  greases  to  be  discussed  in  this  paper  are 

welded  into  specific  classes  by  tbs  types  of  base  oils  used  in 

V  d  +  w?T’  be  dven  in  a  table  listing  all  i 
tion  Each  specific  class  of  lubricant  will  gi 

potential  greases  and  muid  lubricants,  tbeir  temperatur,  range  and  gener^ 

rpplications.  Xbs  aPpUctio.  iuclrte  eci.er* 

and  roiung  elements  they  may  contain.  They  are  Indicated  by  the  a  p  a  . 
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code  used  in  Table  1 . 


The  liquid  and  grease  lubricants  contained  in  Tables  2  and  5  are 
the  materials  most  commonly  used  or,  in  the  case  of  experimental 
materials,  those  which  show  the  most  promise.  The  applications  are 
general  ones,  and  there  are  always  many  exceptions  due  to  specific 
operating  conditions  and/or  environmental  surroundings. 


C.  LUBRICATION  METHODS 

The  choice  of  lubrication  methods  should  be  carefully 
considered  and  should  be  based  on  the  need  of  the  specific  application. 
The  following  factors  are  to  be  considered: 

1.  What  is  the  correct  flow  rate? 

2.  What  method  will  supply  it? 

3 .  If  the  rate  varies  can  the  chosen  method  adapt  to  meet  the 
changes? 

4.  Is  the  flow  rate  independent  of  reserve  supply  of  lubricant? 

5.  Reliability  of  the  method?  Can  it  perform  under  less  than 
ideal  conditions? 

Methods  for  lubrication  fall  into  the  following: 

1 .  Manual 

2 .  Drop  feed 

3 .  Splash  or  Bath 

4.  Ring,  chain  or  collar 

5.  Pad  and  wick  type 

6 .  Positive  face  feed 

7.  Air-oil  mist 

8 .  Circulating  Systems 

9.  Centralized  Systems 

10.  Built-in  lubrication 
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Th.r.  are  n™  devices  for  providing  lubricants  by  any  of  the  above  methods 
and  everyday  there  are  ne»  ones  appearing  that  offer  some  specific  advantage 

over  those  being  used'  in  a  certain  application. 

n,e  constant  review  of  technical  llterat,n-e  is  necessary  to  keep  abreast 

of  the  state-of-the-art  in  this  field. 

D  FACTORS  INFLUENCING  LUBRICANT  PERFORMANCE 
‘  performance  of  liquid  or  grease  lubricants  are  greatly  dependent  upon 

operational  and  environmental  factors. 

Important  operational  factors  includej  speeds,  available  torque,  loads, 

site  of  bearings,  gears  and  other  elements,  design  of  bearing,  gears  and  other 

elenents,  seals,  shock,  vibration,  operating  cycles,  motion,  metal  combinataons 

and  other  special  conditions. 

critical  envi— al  factors  are:  temperature,  high  pressure,  contami¬ 
nants,  vacum.,  radiation,  oxidising  atc^spheres,  ar.  inert  atmospheres. 


E.  LUBRICATION  PROBLEMS  AND  30LUTia!S 


The  following  is  a  typical  example  of  what  happens  when  a  choice  of 
lubricant  and  lubrication  method  is  made  without  the  icowledge  outlined  in  the 
preceding  portion  of  this  paper  on  conventional  lubricants,  in  ir.dustrial  firm 
develops  a  revolutionary  design  for  a  large  secondary  power  component  for  use  in 
a  military  aircraft.  If  this  unit  proves  successm  the  manufacturer  hopes  to 
introduce  it  into  commercial  Jet  aircraft  where  because  of  its  compact  design 
and  power  source  it  will  undoubtedly  be  widely  accepted.  Briefly  the  unit 
requires  lubrication  of  a  large  vertical  gear  train  and  20  mm  ball  beari  g 
speeds  of  28,000  rpm,  moderate  to  heary  loads,  and  temperatures  of  275*F  to 
300-7  for  5CK)  hours.  The  manufacturer  chooses  a  thixotropic  grease  lubricant 
for  both  the  lubrication  of  gears  and  ball  bearings.  Unfortunately  at  that 
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gre.s.  lubricants  ar,  not  capable  of  proaidlnj  ralUbla,  lone  tarn  opara- 
tlon  under  thaaa  conditions  in  ball  baarines.  Tha  raault  1.  a  .aria,  of  ca  - 
istropbio  failuraa  of  the  na.  unit  rasultinf  in  at  laast  ona  instance  of  tba  loss 
of  an  aircraft.  Subsequent  raaiew  by  both  seraica  and  industrial  bearing  an 
lubrication  parsomel  produces  raoor^endations  that  oil  lubrication  be  used 
with  a  forced  feed  circ^ating  lubrication  system  and  that  the  siaa  of  the  2 
tearinrs  b.  increased  to  30  aaa.  These  changes  are  mde  by  tha  manufacturer. 

Xhe  redesiened  unit  requires  aery  little  change  in  its  ovarii  site  and  proaades 
satisfactory  operation  for  5<»  hours  with  good  reliability.  However,  the  ra- 
,osim  and  modification  requires  nearly  a  year  and  during  this  time  the  mila  ary 
aircraft  is  converted  bach  to  the  conventional  type  secondary  power  unat  used 
previously.  As  a  result  even  though  the  redesigned  unit  has  now  proved  ats 
faasibUity  and  reliability  it  will  not  be  used  in  this  aircraft.  Due  to 
adverse  publicity  obtained  by  the  grease  lubricated  unit  the  manufacturer  never 

•  n,v  Thf.  Obvious  result  is  that  a  basicallj^ 
is  able  to  market  it  commercially* 

good  design  with  a  potential  marhet  is  lost  because  of  a  faulty  choice  of 
lubricant  and  lubrication  method  even  though  the  correct  lubricant  and  method 
of  lubrication  were  ^adlly  available  with  a  long  history  of  successful 

operation  under  Similar  conditions. 

in  another  possible  example,  a  request  is  received  for  a  grease  lubricant 
for  a  ball  bearing  application  operating  at  600-F,  moderate  speed,  and  heavy 
loads,  but  more  specific  infomation  cannot  be  obtained.  A  grease  with  an 
extreme  pressure  agent  is  rec^ended  on  the  basis  of  its  successful  perfoomnoe 
mmder  similar  conditions.  Shortly  afterward,  word  is  received  that  the  grease 
has  failed.  During  the  discussion  of  the  lubricant  failure  it  is  disclosed 
that  the  failure  is  due  to  oor^sion  of  titani™  .etal  located  somewhere  in 
the  c<».ponent  requiring  lubrication.  Imnediately  upon  receipt  of  this  infomaation 
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4-  -^..rience  with  titanium  metals  and 
it  is  a  simple  matter  based  on  past  expe  .  ^ 

t  tb,  nroblem.  It  is  merely  a  matter  of  remoYinf  the 
lubricants  to  correct  the  problem,  x  load 

t  from  the  grease  and  substituting  another  compa 

«rtreme  pressure  age  ,,,l3Pactory  lubrication  «s  achieved  with 

carrying  agent.  Once  this  is  done,  satisfactory 

the  grease  and  corrosion  mas  eliminated.  60,000  rpa 

4.V,-  TiiViri cation  of  small  gears  *ie  w  ,  a— 
Finally,  a  problem  concerns  the  lubrica 

V4.  loarfs  This  unit  is  to  operate  in  an 
.t  temteratures  of  1,000*T  under  light  loads.  Th 
^  ^  ^  av  rinr,»>nt  and  its  lubricating  system 

apulication  where  sice  and  usight  of  the  component  and  i 

4.4  oT  life  of  the  unit  is  probably, 

.  held  to  a  minimum.  The  operational  life  cl  tne 
must  be  hel  it  vdll  be  used  in 

thaTi  25  hovirs.  Since  i^  wiu- 

dependent  upon  its  mission,  no  gr.  p„ferably  of  5 

a  defensive  system  the  lubricant  must  have  stor  g 

.ears  at  least.  *  revisw  cf  current  lubricants  reveals  that  there  are  no 

'  • vreaee  lubricants  capable  of  withstanding  1.000-F  temperatures, 

liquid  or  grease  1  000*?  operation,  however,  they  give 

There  are  solid  film  lubricants  capable  of  1,000  r 

rrperfomuanoe  below  TCCF.  .1.  — =  —  ^  ^ 

cperstlon  are  good  only  to  ^ 

t  suggested  approach  from  the  luoriiw  ^ 

""  ■  ,  -^antq  A  liouid  lubricant  is  knovm 

ase  a  combination  of  liquid  and  solid  lubricants.  All 

h-ch  will  lubricate  up  to  v/OO-F  without  forming  harmful  depo.l  . 

Id  the  use  of  a  circulating  oil  syst-,  therefore  either  an 
Xbaitations  preclude  the  us  ^ 

rr-iT  bath  or  oil  wick  system  using  this  '  . 

oil  ba-on  the 

.  solid  film  coating  applie*i  to  e  g 
tmuperature 

oil  would  lubricate  at  temperatures  below  700  F  an 

u  r  By  keeping  the  oil  in  a  bath  or  wick  systma  the  rate 

would  take  over.  By  Keeping 

volatility  could  also  be  controlled.  aaaperation  he- 

The  solution  to  these  types  of  problems  calls 
U„en  the  designers,  msnufacturers  and  lubrication  engineers.  Fossi 
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approaches  must,  be  thorouehly  discussed  froh  each  others  yie«  points.  Hook¬ 
up  aystems  should  be  built  and  studied.  Incorporating  those  approaches  phlch 
ap^ar  feasible.  Hecessary  changes  in  lubricant  characteristics  and  design 
dictated  by  these  tests  should  be  made  and  their  merit  determined. 
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Tchlo  1  —  Eq^d-poont  llypca  ReqTiirir;g  LubricatAon  In  Aarospacd  Vehlclet 
And  S^portlns  Equiizr-eirvt 


!I^o  of  Squipssnt 

Type  of  Sliding  and  Rolling 
Elements 

A  Electric  Motor's ,  Gonora'torsj 

iUticxraators,  ELectroaic  Equips  sat 

Ball,  Pujller  end  Plain  Bocrings 

3  I'avertors,  Actuators 

Gears,  Screw  iteohp.nlsws.  Ball  and 
Holler  Bearlnsa 

C  Gear  Borasa,  Spaed  Reducers 

Gears,  Sliding  Surfaces,  Ball 
Holler  and  Plain  Bearings 

3  OcidsacQ  and  Conti-ol  Itocronissji^, . 
Csciera,  Radio  &  Radar  Equtpisest 

Ball,  Roller  and  Plain  Bearings, 
Puiloys  and  Slidir^g  Surfaces 

Z  Gas  Turbino  En^Jaiss,  Cospressors, 
ard.  Ezxgina  hydraulic  ^stoms 

Ball,  Roller  and  Plain  Bearings, 
Goars,  Punqos,  Tual  Regulators, 
Rotating  Seals,  YaXvas,  Ser?o 
l^chonisms 

F  H7drarilio  S/atods  for  Secondary 
Power  and  Guidance  and  Control 
llGchcnisns,  Gantry  Totfora,  Orcund 
Ecuiprnnt 

Ball,  Roller,  and  Plain  Bearings, 
Pu^s,  Valves,  Servo  tlechanlsms 

0  Gyrosj  Instruments 

Ball  and  Plain  Bearings,  Sliding 
i-rechanisms.  Gears 

H  ^.^Iheols,  Landing  Gear 

Ball,  Roller  azid  Plain  Bearings, 

'  Kaohanlsas 

/ 


\ 


Table  2  -Mineral  Oil  exid  Synthetic  Eydrocarbon  Liquids  sad  Greoass 


KcmsnclatrUro  end 

General  Applications 

?c~*poraturQ  Rznjo  ■ 

A 

1} 

li 

91 

H 

1 

) 

!-iIL-H-5606,  Hydraulic  Fluid 
(-65°  F  to  +275°  P) 

1 

1 

1 

1 

1 

2 

) 

tGI^K-276Dl,  Hydraulic  Fluid 
(-1^0°  F  to  +550°  F) 

1 

1 

1 

1 

1 

1 

3  I 

1 

MIL-C-6081  (B)  &as  Turbine  EngiAe. 

1  Cil  Grade  1C05  (-65°  P  to  +150°  F) 

1  Grade  1010  F  to  +175°  F) 

1 

1 

1 

1 

1 

1 

i; 

ll[L-t-60a6  (3)  Gear  Oil 
(40°  F  to  +ld0°  F) 

1 

1 

i 

1 

1 

1 

5 

:iIL-L-7870  (a)  General  Purpose  OU 
(-65°  F  to  +250°  F)  1 

Z  ; 

1 

1 

1 

1 

^ ! 

6 

MIL-G-7711,  General  Purposo  Greaso. 
(-i^0°  F  to  +250°  F)  __ 

Z 

1 

I  ! 

1 

1 

7 

vIL-6-351d,  Ball  and  P.oller  Beito-i  Af 
Greae©  (0®  F  to  +300°  F) 

z 

1 

I 

ii 

1 - 

6 

•  « 

^  • 

Derivod  Trcn  Allphatio 


T^bl^  3  *  Lubricating  Oils  and  breases 
Estors 


Specification,  Nonsnclature  a»vl 
Tenrjperaturo  Ran^o 


O^naral  Applldatloi^ 


A  I  B 


IiII^L-608b,  Instmnont  Oil 
(-65°  F  to  +250°  F) _ 


’-’.•r.-L-TgOe,  Gas  •rarbina  Eigina  Oil 
‘"(-65°  F  to  +300°  F) _ 


1 


Ii£L-Ir-9236,  Gas  Turbins  Engine  Oil 
(-65°  F  to  +1;25°  F) 


E  F  0  H 


iIIL-0-25760,  VJboQl  Bearing  Grease  X 


Table  L  -  Lubricating  Oils  and  Greases  Lcrived  Tron 
Silicon  Liquids 


Specification,  Nomenclature  and 
Temperature  Range 


j  Gene  ral  Applic  a ti ons 
A  IB  |C  ID  IE  I  K  luTT 


Hydraulic  Fluid 

(-65°  F  to  F ) _ 

L-L-2769h,  Instrument  Oil 
(-65°  F  to  •>•100°  F) _ _ 

ilorinated  Phenyl, 

Oil  (-65°  F  to  ♦U50°  F)  General 
Electric  F-50,  Dow  Corning  F-60 

[L-G-25013  (D), 

Grease  (400°  F  to  »U50  F) _ 

IL-G-273U3,  Wide  Temperature 

Grease  (-100°  F  to  ♦b^O  F) 

IL-G-275b9,  Heavy 
Grease  (-65°  F  to  ->125°  F) 

[IL-G-27617,  Fuel  and  Oil  Resistant, 
Shock  Resistant  Liquid  Oxygen 

(-30°  F  to  •>-U00°  F) _ 

lIL-G-38220,  High  Speed  Ball  Bearing 
(-b0°  F  to  +U00°  F) 

Lithium  Soap  -  Chlorin^ed  Silicone 

Grease  (-65°  F  to  +300°  F) 

Example  -  Versilube  300 

*  Not  derived  from  silicone  liquid. 


Table  $  -  Eiqperinentsl  Liquids  and  Greases 


Koacnolature,  Tcaporaturo  Rar."os 


Qoaorsl  Applications 


Fluorinated  Silicones 
(-£0°  F  to  *\60^  F) 
in  various  toinperatura  ran.3e6 


Fo3v'Pncsn7l  Ethors 
(0"^  F  to  +700°  F) 

in  various  tenr>oraturo  raii3''5  _ 


Cyclic  Phosphonitrilatos 
(-20°  F  to  +700°  F) 
in  various  tcnporature  ranges  _ 


rVrardnos 

(-65°  F  to  700°  F) 
in  vc^ious  ‘beiipGrcAt'uro  ran;';;c6 

Amolinc-Silicona  Gi-easa,  Hisln  Speed  X 
Ball  Bearings,  KI  600,000,  Temp 
il00°  F  Light  Loads 


I  X  XX 


Tsflon-Fluorinated  Silicone  Grc  so. 
Heavy  Load  Carryins  (-30°  F 
to  +U00°  F)  _ _ 


Carbon  Black  -  Silicone  Grease 

(-65°  ?  to  +550°  F) 


X  U  X  X 


